We measured the effect of diet quality on variation in the seasonal pattern of Mallard (Anas platyrhynchos) reproduction. Twenty wild-strain hens, consisting of 10 sibling pairs, were maintained in captivity. One sib of each pair was fed an enriched diet, and the other was fed wheat. The wheat diet resulted in reduced clutch size, egg size, laying rate, number of nesting attempts, and total eggs laid. Diet did not affect laying initiation, duration, or the seasonal pattern of change in clutch and egg size with each tenest. We believe the variation and pattern observed are adaptations to a highly variable prairie environment where the probability of reproductive success decreases as the season progresses.
Phenotypic plasticity may be important in the evolution of life-history strategies. Ultimate and proximate causation are not necessarily mutually exclusive, and, indeed, food supply may play a dual role (Winkler and Walters 1983, Winkler 1985) . Our understanding of the effect of food supply on life-history variation is imperfect. For this reason it is useful to determine in a single species which reproductive traits are flexible and which are fixed in the face of variation in food supply. We considered the effect of diet quality on variation in the seasonal pattern of Mallard (Anas platyrhynchos) reproduction. We specifically tested for variation in the timing of laying initiation and duration, total eggs produced, egg size and composition, rate of egg laying, clutch size, interval between clutches, and seasonal clutch-size decline.
METHODS
Mallards were collected as eggs from Audubon National Wildlife Refuge in North Dakota in 1974. Clutch size, egg mass, and egg-size measurements were taken for all wild clutches. Eggs were incubated and ducklings were weighed and raised at Northern Prairie Wildlife Research Center for the experiment, which was conducted from 18 April until 24 June 1975.
Twenty pairs were placed in individual outdoor pens equipped with plastic floor covers to prevent the birds from feeding on extraneous plant or animal matter. The 20 hens consisted of 10 sibling pairs. One sib of each pair was fed an enriched laying diet (28.7% protein), and the other was fed wheat (18.2% protein). All were allowed to feed ad libitum and given oystershell supplement for calcium. Nest boxes were checked daily, and eggs were labeled as they were found. When a hen quit laying for 3 days her entire clutch was removed. The eggs were weighed and analyzed for yolk mass, percentage of yolk lipids, and moisture content. Lipids were extracted by the Sohxlet procedure using petroleum ether and following the "Official Methods of Analysis" (Assoc. Official Agric.
Chem. 1975).
The analyses stratify for sibling pairs in a random block design using an F statistic (Neter and Wasserman 1974). Where appropriate, more extensive splitplot analyses of variance were performed. We used covariance analyses to test for consistent seasonal trends in laying pattern, blocking for sibling pairs, and regressing on the covariate, nesting attempt. All tests were performed with the SAS GLM (General Linear Model) procedure (SAS Inst. 1982).
RESULTS
The body mass of 20 experimental hens averaged 1,077 + 94 g, a value consistent with those obtained from the wild (Krapu 1981 , Cowardin et al. 1985 . Hens on different diets did not differ significantly in preseason body mass or loss of body mass during the season (Table   1 ).
Sibling pairs did not differ significantly in the total number of eggs laid during the season, but hens on the enriched diet laid more eggs than their sibs on wheat (Table 2, On average there were 44 days between first and last egg of the season (n = 20 hens, range = 27-62 days). Laying duration among sibling pairs differed, but sibs continued laying for about the same period of time (Table 2, Fig. lf) . We found no relationship between loss of body mass during the season and laying duration, but we found a strong negative relationship between initiation date and duration of laying (r = -0.95) (Fig. 2) . This relationship was due to birds initiating earlier than the average ini- The pattern suggests an inherent tendency for some birds to invest more in a single year by beginning earlier and ending later. Mallard egg mass was highly variable, ranging from 39.7 to 68.8 g and averaging 53.7 g/egg for 484 eggs. These values were consistent with variation observed in wild eggs (613 eggs we collected from the wild between 1974 and 1981 averaged 52.2 g and ranged from 32.2 to 66.7 g). A split-plot analysis (Table 4 ) revealed that most of the variation in egg mass was caused by inherent differences among sib pairs, but diet also strongly influenced egg mass; hens on the enriched diet laid heavier eggs. Compared with egg variation explained by diet, differences among nesting attempts were small. A covariance analysis, however, revealed that within sib pairs, eggs increased in mass with each attempt (Table 3) . Eggs became, on average, 0.43 g heavier with each successive renest clutch, starting from an initial average of 54.5 g for enriched and 48.4 g for wheat diet. Batt and Prince (1979) also observed heavier eggs in renest clutches, but they did not find a trend within hens.
Because diet significantly affected egg mass, we asked how eggs from natural diets compared with those observed in the experiment. We expanded the analysis to include values from the In most groups the daughter fed an enriched diet laid heavier eggs than either its mother on a natural diet or its sib on wheat, suggesting food may be limited in the wild (Fig.  3) . These findings are relevant because egg mass is proportional to duckling mass (Fig. 4) 5, Fig. 5 ). In summary, the size of the yolk, measured as dry yolk mass, and the percentage of dry matter varied among hens and with diet, but the percentage of lipids was relatively constant. These results suggest that, in addition to inherent variability between hens in the amount invested in eggs, egg composition was influenced by diet quality.
Diet had a significant influence on clutch size. Hens on enriched diets laid, on average, 2.6 eggs more than sibs on wheat for all clutches. Regardless of diet, most of the observed variation in clutch size was due to renesting (Table   4 : Nest attempt). A covariance analysis revealed a significant decline in clutch size with each nesting attempt (Table 3) A split-plot analysis mirrored the previous results revealing a major influence of diet and nesting attempt (Table 4 ). Although eggs became slightly heavier in renest clutches, the egg loss with each nesting attempt resulted in a total clutch mass decline during the season (Table   3 ).
Although clutch size declined during the season, the overall investment of the hen in reproduction increased cumulatively at a decelerating rate (Fig. 7) . Birds on enriched diets laid larger eggs, laid them at shorter intervals, renested sooner, and attempted more nests in the face of intense, artificial predation than their sisters on wheat. As a result, the enriched-diet group laid considerably more than their own body mass in eggs, and their laying pattern of cumulative egg mass increased almost linearly with time (Fig. 7) . Wheat-diet birds laid fewer, lighter eggs and delayed laying both during and between clutches. Diet did not influence laying initiation or duration, and hens that initiated earlier than average often continued laying after the average date of cessation. ation is reflected in the number of small ponds available to nesting Mallards (Fig. 8) Seasonal deterioration in prairie water conditions is another predictable environmental pattern (Fig. 8) 
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